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admittedly would not rule out the possibility of temporaI effects resulting from S's visually scanning the stimuli in a certain order. In Experiment II there was a one-at-a-time presentation of the nine stimuli, always in one location, but there was no serial order. The stimuli appeared in a random order, except for some restrictions made for methodological reasons to be explained later. The spatial seriaI arrangement was in the S's responsealternatives, which consisted of a row of nine buttons. The S had to learn by trail-and-error which button was associated with the particular stimulus presented at random on the screen in front of S. The reinforcement for pressing the correct button was the sound of a 'bong.' Wtith this procedure, the idea of serial order probably never occurred to most of the S's. In Experiments III and IV, intended as controls, the stimuli were presented in the usual temporal serial manner.
EXPERIMENT I
Sxbjects. All Ss in these four experiments were upper-division and graduate students in the Department of Education. There were 30 Ss in Experiment I. They were naive with respect to psychological theory and experimentation. The proportion of women to men was about two to one.
Apparatvs. The stimulus-items consisted of nine brightly colored simple geometric forms made of plastic.2 The objects are 1g4 in. in thickness and approximately 1 in. in height or diameter; they appear subjectively of about equal size. The nine objects were: red triangle, green square, blue triangle, yellow diamond, red circle, yellow triangle, blue circle, pink square, and green diamond.
Proredxre. S was frst shown all the objects in a randomly scattered arrangement and was told that the objects would be arranged in a row in front of him. He would be allowed to study the order for a period of 10 sec., after which the objects would be disarranged, and S wouId be required to try to arrange them in the proper order.
Flat on the table before S was taped a sheet of heavy white paper, 12 X 18 in. Centered on this sheet of paper was a l1/2 X 12 in. rectangle, drawn in a heavy black line; the rectangle was in a horizontal position with respect to S. After E had displayed the objects to S and explained the task, E placed a black cardboardscreen in front of S so as to cut of S's view while the objects were arranged in a plarticular order within the rectangle on the sheet of paper. The objects were evenly spaced about l/2 in. apart. When E said "Ready" and removed the screen, S studied the series for 10 sec. E then placed the screen in front of S and completely disarranged the objects in a haphazard manner. Then the screen was removed and S was told to reconstruct the order of the objects. There was no time limit, and S was required to guess when in doubt. If S's reconstruction was not perfect (it rately was on the hrst trial), the entire procedute was repeated, until S attained the criterion of perfect reconstruction of the serial order. After each trial, while the screen was in front of S, E recorded S's performance. Never were S's mistakes pointed out to him; he was merely told that he would have to repeat the task until he got it perfect.
A different order of items was used for every S that effects arising from any particular order would tend to be randomized in the over-all results. A restriction was placed on the formation of the series: n(3 two objects of the same shape or of the same color could be adjacent to each other. ber of trials to criterion was only 2.96; the mean number of errors was 9.06; and the mean percentage of errors was 33.96. Since we are primarily interested in the shape of the serial-position curve, rather than its absolute position on the ordinate, the curves for all these experiments are based on the percentages of total errors that occur at each position Thus the area under all the curves is the same. The per^ centage of total errors at each position was determined for each S individually, and these percentages were then averaged for the total group. The serial-position curve thus obtained for the data of Experiment I is shown in Fig. 1 . The curve is quite typical of serial-position curves obtained by temporal serial presentation of the items. This curve is however, somewhat less skewed, although the greater proportion of errors still occurs beyond the middle position. Procedzwre. Ttenty-five Ss served in the experiment. The S was instructed that his task was to learn by trial and error which button on the response-panel corresponds to each stimulus. When S pressed the correct button, he was reinforced by a 'bong,' following which the next stimulus appeared. If the wrong button was pressed, there was no 'bong,' but the next stimulus would appear. The S could not correct a mistake, since the instant one button was pressed, all others went 'dead,' so that pressing the correct button after an incorrect one had been pressed would produce no 'bong.' The rate of presentation of stimuli was governed by S, i.e. a new stimulus would not appear until S pressed a button, whether the right one or not. The stimulus would remain in view until the button was pressed, whereupon, after a 1-sec. delay, the next stimulus would appear. The purpose of this brief delay was to give S time to notice the S-R relationship. Also, the reinforcing 'bong' occurred while the stimulus was still in view, but the 'bong' never 'overlapped' the presentation of the next stimulus.
Results
The response-buttons were arranged in a straight row such that the order of the stimuli to which they corresponded was the same as the serial order of the stimuli used in Experiment III, which was intended as the control for comparative purposes. This trial-and-error learning was by far the most difficult of all the tasks in the four experiments To attain criterion, Ss required an average of 298 84 stimulus-presentations; they averaged 161.36 errors, and the mean percentage of errors was 53.98.
There was no systematic pattern in the number of errors or of correct responses made on each of the nine buttons. Individual Ss seemed to have preferences for particular buttons and used these much more than the others; these preferences may have been determined partly by which buttons happened by chance to gisre S his first few reinforcements. For the total group, however, these positional preferences averaged out, so that all the buttons received an approximately equal number of responses. The slight, unsystematic, and non-signiScant differences between the total responses for each button do not in any way resemble the usual serial-position curve.
But when the percentdge of incorrect (i.e. non-reinforced) responses is computed for each button, thus ruling out the efect of absolute frequency of use of the button, a serial-position effect becomes evident. In other words, the terminal buttons are learned most readily and those in the middle are learned with the greatest difficulty. To compute the points for this curve properly, the percentage of errors for each button for each S must Srst be determined. Then, so as to weight each S equally in the totals, the percentage of errors on each button must be divided by the total of these percentages for all nine buttons; this is done for each S. These percentages are then averaged over all Ss for each button. The result is shown in Fig. 2 sential features was produced by a non-serial presentation of the stimuli and a purely spatial serial arrangement of the response-alternatives.
EXPERIMENT 111
Procedgre. Sixty Ss served in the experiment. The stimuli were presented on the screen, automatically paced by the machine at a 3-sec. rate, with a 6-sec. intertrial interval between each set of nine stimuli. The stimuli were presented repeatedly in a constant serial order. The series was preceded by a small white dot in the center of the screen which served as a signal to S to anticipate the first item in the serial list.
S was instructed to learn the list by the method of anticipation, responding by saying 'blue square,' 'yellow triangle,' etc., and was encouraged to guess when in doubt. He was also told what stimulus-items would appear triangles, squares, and circles colored red, blue, and yellow and that items of the same shape or of the same color would never appear in immediate succession. The order of the stimuli was the same as the order of the response-buttons in Experiment II, viz. BSqX YT, RSq, BC, RT, YC, BT, YSq, RC. S began responding on the very first trial, and was required to attain the criterion of one perfect trial, i.e. anticipating correctly in immediate succession every item in the serial list.
Res/ts. This experiment, which followed the usuaI procedure of experiments on serial learning, viz. that of presenting the items in one location in a tempordZ sequence at a constant rate, serves as a basis for comparison with the results of Experiment II, which was a strictly 3pvtidl type of serial learning.
Since the percentage of errors in Experiment II was 53.98 and in Experiment III was only 44.22, it is evident that Ss in Experiment IIt were closer to the asymptote of compIete mastery of the task than were Ss in Experiment II, even though both groups had attained the criterion of nine successive correct responses The degree of bowing of the serial-position curve is in part a function of the stage of learning; it becomes increasingly peaked as S approaches the asymptote of mastery of the list. In view of this fact) it was decided that the serial-position curves produced in Experiment II and Experiment III should be comparedn not on the basis of both groups having attained the same predetermined criterion of nine successive correct responses, but rather on the basis of the groups having attained the same degree of mastery of the task as represented by the percentage of errors. In other words though fewer errors are made in the later stages of learning, they occur increasingly in the middle positions. Thus, while the total percentage of errors continues to decrease throughout learning, the greatest relative increase in errors is in the middle positions. Therefore) it seems reasonable to compare the serial-position curves of the two groups based on the data up to the largest number of trials on which both groups have approximately the same percentage of errors.
Since Experiment III produced the smaller percentage of errors, it was possible to hnd a point on the learning curve for the group at which they arrived at approximately the same percentage of errors as was reached in Experiment II by the time the criterion was attained. Inspection of the data of Experiment III revealed that the group attained approximately the same percentage of errors as Experiment II at a point that included three-fourths of the trials to the criterion. Therefore, the Erst three-fourths of the trials for each S were used in determining the serial-position curve. On this basis, the percentage of errors in Experiment III was 54.08, as compared with 53.98 in Experiment II. Thus, the serial-position curves for the two experiments are based on almost exactly the same level of mastery of the tasks in terms of the percentage of errors. the percentage of errors for 411 trials. Of course, this curve is less peaked, since the errors on the first trial were more or less evenly distributed over all the positions, with the exception of the last position, which seems to show a marked 'recency' effect. Actually, of course, this low percentage of errors in the last position, especially for the first trial, is not a true 'recency' effect, but must be due to the fact that when S is not under timepressure he can fairly well remember which item has not been used in the list up to the last item, which makes it easy for S to 'guess' correctly the last item on his very Srst time through the series. Another interesting feature of the solid curve is the uniformly low percentage of errors in the first three positions, which indicates that most Ss were able to master the sequence of the first three items after just one exposure. Without timepressure, especially, one would expect immediate memory-span to play a paK in learning the serial list, and it appears that this factor is represented by the equally low percentages of errors in the ISrst three positions. Experiments III and IV were intended as control experiments; they involved the same type of stimuli and general procedures as the other experiments, except that they maintained the essential features of temporal serial presentation and verbal anticipation on which S-R theories of serial rote-learning are based. In Experiment III, the stimuli were machine-paced as a 3-sec. rate, with a 6-sec. intertrial interval; in Experiment IV, the stimuli were S-paced, each stimulus appearing only after S had responded.
These 
